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Summary Ameloblastomas and keratocystic odontogenic tumors (KCOT) are typical jawbone
tumors. In addition, dentigerous cysts (DC) and radicular cysts are the most common cystic
jawbone lesions, and simple bone cysts (SBC) are the most common jawbone pseudocysts.
When these lesions are unilocular, it can be difficult to diagnose them by radiography. In recent
years, adding magnetic resonance (MR) imaging to obtain information about soft tissue has been
shown to improve the accuracy of jawbone lesion diagnosis. We also have reported MR imaging
features of jawbone lesions. However, no systematic method for MR imaging diagnosis of jawbone
lesions has been reported.
In this review, we examine unilocular lesions such as ameloblastoma, KCOT, adenomatoid
odontogenic tumour (AOT), DC, and SBC. First, we describe the MR imaging features of each
lesion. Then, we describe our novel MR imaging diagnostic protocol.
Using our MR imaging diagnostic protocol to diagnose 31 cases, we obtained a positivity rate of
71.0%. The use of our MR imaging diagnostic protocol for unilocular lesions, which are especially
difficult to differentiate by radiography, would improve the morphological and qualitative
diagnosis of soft tissue lesions.
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82 H. Konouchi et al.Table 1 Summary of the cases.
Plain MRI Total
Alone CE-MRI
Alone DCE-MRI
Ameloblastoma 0 1 7 8
KCOT 1 1 8 10
DC 4 0 3 7
AOT 0 0 2 2
SBC 0 0 4 4
Total 5 2 24 311. Introduction
Ameloblastomas and keratocystic odontogenic tumors (KCOT)
are typical jawbone tumors. In addition, dentigerous cysts (DC)
and radicular cysts are the most common cystic jawbone
lesions, and simple bone cysts (SBC) are the most common
jawbone pseudocysts. Jaw lesions are histologically classified
into odontogenic lesions and non-odontogenic lesions and are
diverse in nature [1,2]. In the diagnostic imaging of lesions,
conventional radiography is performed to observe changes in
hard tissue. Radiographs can show the size of a lesion; its shape,
such as whether it is multilocular or unilocular; impacted
teeth; root resorption; and calcific substances. These jawbone
lesion findings are really useful and important. However, the
radiographic features of multilocular ameloblastomas and
KCOT are very similar [3]. Furthermore, these lesions can
sometimes appear to be unilocular. Thus, it can be difficult
to differentiate these lesions from other unilocular lesions such
as DC and adenomatoid odontogenic tumour (AOT) [4—6].
In recent years, the use of magnetic resonance (MR) imaging
to obtain information about the soft tissue has improved the
accuracy of diagnosis. MR imaging has also been used to diag-
nose lesions in the oral and maxillofacial regions [7—10]. The
superior soft tissue contrast of MR imaging makes it the most
useful modality for analyzing the internal structures of a lesion.
We have also reported the MR imaging features of jawbone
lesions [11—19]. However, no systematic method for MR ima-
ging diagnosis of entire jawbone lesions has been reported.
In this review, we examine unilocular lesions that are difficult
to diagnose. This study chose lesions with a higher incidence such
as ameloblastoma, KCOT, AOT, DC, and SBC. First, we describe
the MR imaging features of each lesion. Then, we explain the
MR imaging diagnostic protocol that we have developed.
2. Materials and methods
2.1. Patient population
We retrospectively examined 31 cases (19 males and 12
females; age range, 7—80 years; mean, 32.5  18.6 years)of primary unilocular jawbone lesions in which MR imaging
was performed after the initial radiographic imaging diag-
nosis between 1997 and 2008. Plain MR imaging was per-
formed in all patients, and 26 patients underwent contrast
enhanced (CE) MR imaging. In addition, dynamic CE (DCE) MR
images were also acquired in 24 of these cases. After the MR
imaging, 29 cases were histopathologically diagnosed during
surgery. Two cases of SBC were diagnosed clinically. The
lesions included 7 cases of DC, 8 ameloblastomas, 10 KCOT,
2 AOT, and 4 SBC. Table 1 shows a summary of the cases.
2.2. MR imaging study protocol
2.2.1. MRI study protocol
The MR examination was performed using a 1.5-T unit (Mag-
netom Vision; Siemens, Erlangen, Germany) with a head—
neck coil. Routine T1 weighted images (WI) were acquired
with a spin-echo sequence using the following parameters:
repetition time (TR): 500—660 ms and echo time (TE): 15 ms,
and T2WI or short inversion time inversion-recovery (STIR)
images were acquired with a turbo-spin-echo sequence using
the following parameters: (TR/TE): 2800—3000/90—105 ms
for T2WI and 4500, 6100/60/140 ms (TR/TE/TI) for STIR
images.
Figure 1 Dentigerous cyst: (a) CTscan reveals a well-defined, unilocular lesion with cortical bone expansion. (b—d) The cystic cavity
shows homogenous high SI on T1WI, homogenous markedly high SI on T2WI, and no enhancement. The cyst border shows thin rim
enhancement (arrow heads).
Table 2 SI on T1WI of each lesion.
High Low Total
Ameloblastoma 0 4 4
KCOT 7 3 10
DC 6 1 7
AOT 0 1 1
SBC 0 4 4
MR imaging diagnostic protocol for unilocular lesions of the jaw 83Then, the first series of DCE-MR images was acquired using
3-dimensional fast imaging with a steady-state precession
(3D-FISP) sequence and the following imaging parameters:
repetition time, 5 ms; echo time, 2 ms; flip angle, 258; 16
partitions for a 48-mm slab resulting in an effective thickness
of 3 mm; and a 250-mm  188-mm rectangular field of view
and a 256  192 matrix, resulting in a 0.98-mm  0.98-mm
pixel size. The section level for the DCE-MR imaging was
selected from the acquired T1 and T2WI. The first series of
DCE-MR images was composed of 21 consecutive scans taken
at 1-s intervals (the acquisition time for each scan was 14 s).
The total scan time of this series was 315 s (210 s for 6 cases),
and 0.2 mL/kg gadolinium—diethylenetriaminepentaacetic
acid (Gd—DTPA) (Magnevist Syringe; Nihon Schering, Osaka,
Japan) was administered intravenously 6 s before the second
scan at a rate of approximately 2.0 mL/s via manual injec-
tion. After the acquisition of the first series of DCE-MRI,
contrast-enhanced T1WI (CE-T1WI) with fat suppression were
acquired in the axial plane using the same parameters as the
unenhanced T1WI approximately 6 min after the administra-
tion of Gd—DTPA (approximately 4 min after its administra-
tion in 6 cases). Two series of DCE-MR images were acquired
as delayed phase and super delayed phase images at approxi-
mately 600 s and 720—1080s after the administration of Gd—
DTPA, respectively. Two consecutive scans were acquired for
the DCEMR image series acquired in the delayed and super-
delayed phase, resulting in a total scan time of 30 s. CE-T1WI
were also acquired in the remaining plane between or after
these 2 series of DCE-MR images.
2.2.2. Data analysis
The signal intensity (SI) of muscle was defined as an inter-
mediate SI on T1WI, whereas the SI of cerebrospinal fluid was
defined as a markedly high SI on T2WI and STIR images.
We explain how we created our MR imaging diagnostic
protocol in the ‘‘MR imaging features of unilocular lesions’’
and ‘‘MR imaging diagnostic protocol’’ sections.
3. MR imaging features of unilocular lesions
3.1. Dentigerous cysts
DC are typical unilocular cysts and are the most common
developmental odontogenic cyst. Dentigerous cysts are
formed by the hydrostatic force exerted by the accumulationof fluid between the reduced enamel epithelium and the crown
of an unerupted tooth. As such, the cyst encloses the crown
and is attached at the neck to the cemento-enamel junction.
Therefore, the identification of a tooth crown that projects
into the cystic cavity is pathognomonic. The cyst is lined by a
stratified squamous non-keratinizing epithelium [20,21]. DC
most commonly occur, in order of frequency, in the mandibular
third molars, maxillary third molars, maxillary canines, and
mandibular second premolars; i.e., teeth that are prone to
impaction [21]. Teeth are sometimes present in odontogenic
lesions, but they do not necessarily contain tooth crowns like
DC. Moreover, the kind of tooth involved also varies. However,
in tooth-containing ameloblastomas, KCOT, and AOT, part of a
crown is sometimes included by chance.
In radiography, it might not be possible to clarify the
positional relationship between the lesion and the impacted
tooth. Furthermore, when these lesions appear to be uni-
locular, they are more difficult to distinguish from DC. In such
cases, obtaining additional information from MR imaging is
useful. It has been reported that the MR imaging features of
DC are the same as those of general cysts [2,15,22]. The
cystic cavities of DC show low SI on T1WI, markedly high SI on
T2WI, and no enhancement because they are filled with fluid.
The cyst borders of DC show thin rim enhancement because of
the presence of a cyst wall. However, most of our cases (6/7
cases) showed high SI on T1WI (Fig. 1 and Table 2). Tissues
that display high SI on T1WI include fat tissue, high density
protein solution, and areas of hemorrhaging. Since DC fre-
quently occur near to impacted tooth, they often progress
near to an alveolar crest. Therefore, they can perforate in
the mouth, leading to bleeding accompanied by infection of
the cyst [15,17]. On the other hand, the liquid contained in
dental follicles can have high viscosity and contain protein.
Such DC might show high SI on T1WI. We are currently
investigating this matter.
Figure 2 Solid type ameloblastoma: (a) CTscan reveals a well-defined, unilocular lesion with cortical bone expansion. (b,c) the lesion
shows homogeneous low SI on T1WI and heterogeneous high SI on T2WI. (d) CE-T1WIs shows strong enhancement (arrow) suggestive of a
solid lesion.
Adapted from Ref. [16].
84 H. Konouchi et al.Therefore, in this review, the features of DC are consid-
ered to be as follows: the cystic cavities of DC show low to
high SI on T1WI, markedly high SI on T2WI, and no enhance-
ment. In addition, the borders of DC cysts show thin rim
enhancement.
3.2. Ameloblastoma
Ameloblastomas show multilocular or unilocular radiolu-
cency and are the second most common type of odontogenic
tumor. Although ameloblastomas are classified into various
types, in this review we examine the solid/multicystic type
and unicystic type which may show unilocular [1].
3.2.1. Solid/multicystic type
The solid/multicystic type of ameloblastoma often shows
multilocular radiolucency; however, unilocular radiolucency
is sometimes detected. The solid type is a solid tumor, and
the multicystic type contains cysts of various sizes within
solid tissue [1].
Radiography cannot histopathologically differentiate the
two types. CT scanning might be useful for detecting the size
and shape of a lesion, but even CE—CT might not be helpful
for soft tissue characterization. Moreover, the main differ-
ential diagnosis of the solid/multicystic type of ameloblas-
toma is KCOT. However, definitive diagnosis of the solid/
multicystic type cannot be made radiologically since similar
radiographic features are displayed by KCOT.
MR imaging might provide more detailed information
about soft tissue [8,9,16,17,19].Figure 3 Multicystic type ameloblastoma: (a—c) multicystic type am
basis of MR signal intensities. The solid portions show low SI on TW
portions show low SI on T1WI, markedly high SI on T2WI and no enhSolid type ameloblastomas show homogeneous low SI on
T1WI and homogeneous high SI on T2WI, which indicates the
presence of soft tissue, and strong enhancement, which
reflects tumor angiogenesis (Fig. 2).
Multicystic type ameloblastomas can be divided into solid
and cystic portions on the basis of their MR signal intensities.
The solid portions show low SI on T1WI, high SI on T2WI, and
strong enhancement. The cystic portions show low SI on
T1WI, markedly high SI on T2WI, and no enhancement
(Fig. 3).
The detection of solid portions on MRI is important for the
diagnosis of neoplastic lesions.
3.2.2. Unicystic type
Five to 15% of all ameloblastomas belong to the unicystic type
[23]. The main radiographic feature of the unicystic type is
unilocular radiolucency [24]. Therefore, this type of amelo-
blastoma is often misdiagnosed as a KCOT or a dentigerous
cyst.
Their main histopathological feature is the presence of
one large cystic cavity (luminal) in the center of the lesion,
and two histopathological variants exist. The luminal variant
is a cystic lesion lined by an ameloblastomatous epithelium.
In addition, intraluminal extensions can occur. These amelo-
blastomatous epithelia are often thicker than normal or
protrude into the cystic cavity. In the mural variant, the cyst
wall is infiltrated by an ameloblastomatous epithelial tissue
[25,26].
The luminal variant of the unicystic type often shows
characteristic findings on MRI; i.e., low SI on T1WI, markedlyeloblastomas can be divided into solid and cystic portions on the
I, high SI on T2WI, and strong enhancement (arrow). The cystic
ancement (arrow heads).
Figure 4 Unicystic type ameloblastoma: (a) CTscan reveals a unilocular area of radiolucency and slight buccolingual expansion. (b,c)
CT, T1WI, and T2WI did not reveal significant differences between these lesions and other cystic lesions. (d) CE-T1WI reveals a small
intraluminal nodule (arrow head) as a characteristic feature of unicystic ameloblastoma.
Adapted from Ref. [16].
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without small intraluminal nodules [16,17].
In one of our cases, a CTstudy revealed a unilocular area of
radiolucency and slight buccolingual expansion in the right
mandible (Fig. 4). The lesion exhibited homogeneous low SI
on T1WI and homogeneous markedly high SI on T2WI. CT,
T1WI, and T2WI did not reveal significant differences
between these lesions and other cystic lesions, particularly
dentigerous cysts. CE-T1WI detected a small intraluminal
nodule as a characteristic feature of unicystic ameloblas-
toma. Therefore, CE-MRI is recommended for imaging diag-
nosis of the unicystic type [17].
3.3. AOT
AOT account for 2—7% of all odontogenic tumors. The radio-
graphic features of AOT include stippled calcifications and
the presence of impacted tooth. Calcific substances are
detected by radiography and histopathology in 60% and
80% of AOT, respectively. The remaining 20% are not calcified.
Eighty percent of AOT are found in association with uner-
upted permanent teeth, particularly canines, which account
for 60% of unerupted teeth in such cases, and about 60% of
AOT show unilocular radiolucency around the crowns of the
involved teeth. Therefore, at the initial radiographic diag-
nosis, 45% of all AOT are misdiagnosed as dentigerous cysts
[5,27].Figure 5 AOT: (a) CT scan shows that the numerous punctate rad
margin. (b—d) The present case displays a central portion, which had a
shape. The central portion shows homogeneous markedly high SI on 
shows high SI on T2WI and enhancement (arrow heads) on CE-T1WI
Adapted from Ref. [12].Histopathologically, AOT tend to be solid tumors. How-
ever, they often include one large cyst with a uniform, thick
wall. Therefore, MRI is useful for detecting the characteristic
histological features of AOT [13,28]. One of the present AOT
cases displayed a central portion, which had a round shape,
and a peripheral portion, which had a thick circular shape
(Fig. 5). The central portion showed homogeneous markedly
high SI on T2WI and no enhancement on CE-T1WI. The
peripheral portion showed high SI on T2WI and enhancement
on CE-T1WI. The cyst walls of cystic lesions such as dentiger-
ous cysts are generally thin, while that of the present case
was thick. Therefore, the lesion was diagnosed as a tumor by
MR imaging.
MR imaging is useful when it is difficult to differentiate
AOT from DC by radiography.
3.4. KCOT
KCOT are benign unicystic or multicystic tumors of odonto-
genic origin with a characteristic parakeratinized stratified
squamous epithelial lining and the potential for aggressive,
infiltrative behavior. Exfoliated keratinous debris is stored in
their cystic cavities [20]. The original designation of KCOT
was odontogenic keratocyst (OKC), which indicated that it
displayed benign behavior. However, in 2005 the WHO Work-
ing Group recommended the term keratocystic odontogenic
tumor (KCOT) as it better reflects its neoplastic nature [1].iopaque foci arranged circularly at a specific distance from the
 round shape, and a peripheral portion, which had a thick circular
T2WI, and no enhancement on CE-T1WI. The peripheral portion
.
Figure 6 KCOT: (a) CTscan reveals a well-defined, unilocular lesion at right side mandibular ramus. (b) T1WI reveals high SI reflective
of a large amount of desquamated keratin, which is among the characteristic feature of KCOT. (c) T2WI exhibits intermediate and
markedly high SI reflective of cystic fluid and desquamated keratin. (d) The cyst border shows thin rim enhancement (arrow heads) on
CE-T1WI.
Adapted from Ref. [16].
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radiolucency, it is difficult to differentiate KCOT from ame-
loblastomas and SBC. When KCOT display unilocular radiolu-
cency, they can also resemble DC and AOT.
However, MR images of KCOT show characteristic findings
(Fig. 6). Some or all of the cystic cavities show high to
intermediate SI on T1WI, heterogeneous intermediate to
markedly high SI on T2WI, and no enhancement. Their cyst
borders show thin or thick rim enhancement. The cystic fluid
of general cysts displays low SI on T1WI and markedly high SI
on T2WI. Fat tissue, high density protein solution, and areas
of hemorrhaging display high SI on T1WI. The high SI observed
in the cystic cavities of KCOT on T1WI reflects the fact that
they contain a large amount of keratin [8,15,17,29].
In our study, which investigated 10 cases of unilocular
KCOT, 70% of KCOT showed higher SI on T1WI than the
masseter muscle (Table 2). This finding is important for
differentiating KCOT from other cysts. Although the borders
of general cysts show thin rim enhancement, KCOT often
show thick rim enhancement.
3.5. SBC
Simple bone cysts (SBC) are intraosseous pseudocysts without
an epithelial lining. SBC display unilocular radiolucency with
no or only slight bone invasion and cortical thinning [30,31].
Their superior margins extend between tooth roots and
are characteristically scalloped; hence, they can display
multilocular radiolucency [32]. Therefore, the differentialFigure 7 SBC: (a) CTscan reveals a unilocular radiolucent lesion at 
and markedly high SI on T2WI. (d) The cyst border shows thin rim enh
similar to that of general cysts.radiographic diagnoses of SBC include KCOT and ameloblas-
toma. SBC should be differentiated from true cysts and
tumors because their treatment methods are different
[33]. However, some SBC are difficult to distinguish from
these lesions.
The cystic cavity has been reported to contain fluid,
fibrous connective tissue, and/or gas. In all of our 9 patients,
the cystic cavity showed low SI on T1WI and markedly high SI
on T2WI (Fig. 7). In addition, the cyst border can display thin
or thick rim enhancement. Therefore, we reported that the
cystic cavity was filled with liquid. The MR features of SBC are
similar to those of general cysts [33].
In our recent study, which investigated 10 cases of SBC,
we showed that the DCE-MRI features of SBC were highly
characteristic [18]. The DCE-MRI features of SBC might
allow them to be differentiated from other cystic diseases.
The method we used to do this is briefly explained below.
After the SBC had been subjected to DCE-MRI, regions of
interest (ROI) were placed within the inner part of the cyst
cavity; i.e., excluding the outer rim. Then, the mean SI of
the ROI in each image was calculated (Fig. 8), and time-to-
signal intensity (T—SI) curves were obtained by plotting the
time course of SI. The T—SI curves of all cases showed a
gradual increase (Fig. 9). In cases in which the increase was
small, the increase was clearly demonstrated on delayed
phase images. Therefore, it is necessary to obtain delayed
phase images. The T—SI curves of general cysts are flat
(Fig. 9); thus, the difference between these findings is very
useful for diagnosing SBC. On the other hand, in ameloblas-midline of mandible. (b,c) The cystic cavity shows low SI on T1WI
ancement (arrow heads) on CE-T1WI. The MR features of SBC are
Figure 8 It is DEC-MR images of the same case as Fig. 7. The series of DCE-MR images clearly shows the gradual spreading of contrast
medium from the margin to the inner part of the SBC.
MR imaging diagnostic protocol for unilocular lesions of the jaw 87toma and AOT, the curves of solid portion but of cystic cavity
show two patters. One T—SI curve pattern increases rela-
tively rapidly and reaches a plateau and the other pattern
increases gradually [16,19,28]. However, T—SI curve of solid
portion in ameloblastoma and AOTshow a peak much higher
than one of cystic cavity in SBC (Fig. 9). Therefore, we
recommend that DCE-MRI should be performed in cases in
which SBC is suspected in order to avoid unnecessary inva-
sive treatment.
4. MR imaging diagnostic protocol
We developed an MR imaging diagnostic protocol based on
the MRI features of each jawbone lesion. Fig. 10 shows a flow
chart of the protocol.
First, since radiographic findings are very important for
diagnosing jawbone lesions, radiographs should be carefully2
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Figure 9 T—SI curves of each lesion: T—SI curve of SBC (the
same case as Figs. 7 and 8) shows a gradual increase in the SI until
approximately 15 min after the administration of Gd—DTPA. T—SI
curves of both DC (the same case as Fig. 1) and KCOT (the same
case as Fig. 6) show flat. T—SI curve of solid tumor (the same case
as Fig. 2) shows a peak much higher than one of SBC.examined. Radiography evaluations focus on obtaining infor-
mation of hard tissue that is difficult to acquire by MR
imaging. Specifically, the shape of the lesion, the pre-
sence/absence of impacted teeth, the spatial relationship
been the lesion and the impacted teeth, and the presence/
absence of calcific substances are evaluated. The shape of
the lesion can be used to differentiate whether it is unilocular
or multilocular. All of the lesions covered in this review were
unilocular and were evaluated by four MR imaging steps, as
shown in the diagnostic flow chart.
The details of how each step should be evaluated and the
results of our cases are shown below.
Although KCOT were newly classified as neoplastic lesions
in the WHO classification, since our MR imaging diagnostic
protocol includes a step in which the form of the lesion is
evaluated, they were dealt with as cystic lesions in this
review.
4.1. The 1st step
In the 1st step, the whole of the lesion is observed by CE-T1WI
and T2WI or STIR imaging in order to decide whether it is a
solid tumor. Lesions can then be divided into [solid] and
[cystic] types. Solid tumors display strong contrast enhance-
ment throughout the tumor. In the multicystic type of ame-
loblastoma, the cystic portion is intermingled with a tissue
region that does not display enhancement. On STIR and T2WI,
the solid portions of tumors show high SI and the cystic
portions show markedly high SI. These two portions can be
evaluated better by adding CE-T1WI to plain MR such as STIR
or T2WI.
The solid/multicystic type of ameloblastoma and AOTwill
often be categorized as [solid] by this process. However, the
multicystic type of ameloblastoma and AOToften include one
large cyst. Furthermore, the unicystic type of ameloblastoma
always displays the latter form. These lesions and the
remaining cystic lesions will be classified as [cystic]. The
lesions that are classified as [cystic] are advanced to the 2nd
step of the evaluation.
Figure 10 Flow chart of the MR image diagnostic protocol: the unilocular lesions are evaluated by four MR imaging steps, as shown in
the diagnostic flow chart.
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In the 2nd step, the thickness of the cystic wall is evaluated
by CE-T1WI in order to detect tumors that show a cystic form.
To evaluate cystic wall thickness, the portion of the cystic
wall displaying the greatest thickness on CE-T1WI was mea-
sured. The thickness threshold was set at 3 mm in accordance
with the method of Minami et al. [8]. Lesions with cystic walls
that were more than 3 mm thick were categorized was
[thick], and those with cystic walls that were less than
3 mm thick were classified as [thin]. When CE-T1WI is not
performed, the lesion should be advanced to the 3rd step
without an evaluation of the cystic wall being performed.
Since cyst walls show high SI and cystic fluid shows markedly
high SI on T2WI and STIR images, it might be assumed that
these methods could be used to perform the same evalua-
tions as CE-T1WI. However, because the cyst wall is distorted
by halation of the cystic fluid on such images, it can appear to
be thinner than it actually is. Moreover, in general cysts,
since the cyst wall is thin, it might not be detected at all. In
one of our unicystic type ameloblastoma cases, although the
cyst wall was not detected on T2WI, a cyst wall with a small
intraluminal nodule that projected into the cystic cavity was
detected on CE-T1WI. Therefore, it is risky to perform this
step using T2WI or STIR alone.
The multicystic and unicystic types of ameloblastoma and
AOT are often classified as [thick] by this procedure. TheTable 3 Thickness of cystic wall.
Thick Thin Total
Ameloblastoma 4 0 4
KCOT 0 9 9
DC 0 3 3
AOT 1 0 1
SBC 0 4 4remaining cystic lesions should be classified as [thin]. Lesions
that are categorized as [thin] are advanced to the 3rd step
(Table 3).
4.3. The 3rd step
In the 3rd step, the SI of the cystic fluid is evaluated on
T1WI to detect KCOT. Although it is known that cystic fluid
generally shows low SI on T1WI, it has been reported that
the cystic fluid of KCOT shows high to intermediate SI.
Since high-concentration protein liquids display high SI on
T1WI, it is supposed that in KCOT cystic fluid that displays
high SI on T1WI contains exfoliated keratinous debris.
This finding can be used to discriminate KCOT from other
cysts.
If the MR sequence changes, the SI on MR images of the
same tissue will also change. Therefore, a relative standard
should be used; e.g., on T1WI, the cerebrospinal fluid is
defined as low SI, the muscle is defined as intermediate SI,
and fat tissue is defined as high SI. In this study, a lesion was
evaluated as [high SI] when the SI of the cystic cavity was
higher than that of the masseter muscle.
KCOT and some DC will be classified as [high SI] by this
process. Since some KCOT display low SI, these lesions as well
as DC and SBC will be classified as [low SI]. The lesions
categorized as [low SI] will progress to the 4th step.
4.4. The 4th step
In the 4th step, the cystic cavity is evaluated by calculating
its T—SI curve from DCE-MR images in order to detect SBC. We
have previously reported that the T—SI curves of SBC showed
a gradual increase. This finding is specific because the T—SI
curves of other cysts are flat.
SBC will usually be categorized as [gradual increase] by
this step, whereas KCOT and DC will be defined as [flat].
Figure 11 Predicted results: the results predicted using our MR
imaging diagnostic protocol.
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The results predicted using our MR imaging diagnostic pro-
tocol are shown in Fig. 11. The unilocular lesions that were
examined in this study included ameloblastomas, AOT, KCOT,
DC, and SBC.
In our method (Fig. 11), ameloblastomas will be detected
in the 1st and 2nd steps. The solid type and some of the
multicystic type of ameloblastoma will be identified by the
1st step, and the unicystic type and some of the multicystic
type of ameloblastoma will be identified by the 2nd step.
AOT will be also detected by the 1st and 2nd steps. The
solid type will be identified by the 1st step, and the type
involving one large cyst will be identified by the 2nd step.
As for KCOT, most cases will be categorized as [high SI] in
the 3rd step. Some cases will be identified as [low SI] in the
3rd step and then will be categorized as [flat] in the 4th step.Table 4 Positive rate of unilocular jawbone lesions in MR imagin
Plain MRI 
Alone CE-MRI
Alone 
Ameloblastoma — (0/0) 100 (1/
KCOT 100 (1/1) 0 (0/
DC 25.0 (1/4) — (0/
AOT — (0/0) — (0/
SBC — (0/0) — (0/
Total 20.0 (2/5) 50 (1/Although KCOTcan be detected by these two steps, a lesion is
likely to be a KCOT when it is classified as [high SI] in the 3rd
step.
Although some DC will be categorized as [high SI] in the
3rd step, most cases will be defined as [low SI] in the 3rd step
and then will be detected as [flat] in the 4th step. Thus, a
lesion will be categorized as a DC when it is classified as [low
SI] in the 3rd step and [flat] in the 4th step.
SBC will be categorized as [gradual increase] in the 4th
step.
We consider that only SBC can be categorized in the 4th
step [18]. Although ameloblastomas and AOT will be diag-
nosed as tumors, differentiation of the two lesions can be
difficult [17,28]. Similarly, KCOTcan be difficult to distinguish
from DC [15,17]. As for the unicystic type of ameloblastoma,
when a cyst wall with a small intraluminal nodule projecting
into the cystic cavity is detected on CE-T1WI, they can be
distinguished from AOT [13,17]. In clinical imaging diagnosis,
radiography is always performed before MRI. Since AOT
contain a tooth and small calcific substances, their charac-
teristic findings can be observed on radiographs. Moreover, as
DC are characterized by the presence of the crown of an
unerupted tooth, they can be diagnosed comparatively easily
by radiography. Various combinations of lesions are often
difficult to differentiate by radiography, e.g., it is difficult to
differentiate among ameloblastoma, KCOT, and SBC, and
between AOT and DC. Our MR imaging diagnostic protocol
is expected to be able to distinguish each of these combina-
tions. Therefore, if our MR imaging diagnostic protocol and
radiographic diagnosis are combined, highly accurate diag-
nostic imaging is possible.
Although we did not include radicular cyst in this review,
we have also previously investigated the MR imaging features
of radicular cyst [15]. The cystic cavity of radicular cyst
showed homogenous low SI on T1WI in 9 of 10 cases, homo-
genous markedly high SI on T2WI in 8 of 10 cases, and no
enhancement in all 7 cases. The cyst border showed thin rim
enhancement in 6 of 7 cases and thick rim enhancement in
remaining one case. In MR imaging features, radicular cyst
showing thick rim enhancement is similar to the type invol-
ving one large cyst of AOT. Therefore, it may be difficult to
distinguish both by MRI. However, the each radiographical
feature is characteristic finding enough to distinguish
between them. Radicular cyst occurs at tooth periapical area
and shows unilocular radiolucency expanded from the peri-
apical space. On the other hand, AOT often include stippledg diagnostic protocol.
Total
DCE-MRI
1) 100 (7/7) 100 (8/8)
1) 80.0 (6/8) 70.0 (7/10)
0) 0 (0/3) 14.3 (1/7)
0) 100 (2/2) 100 (2/2)
0) 100 (4/4) 100 (4/4)
2) 79.2 (19/24) 71.0 (22/31)
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a tooth crown [27]. The reason to which the cyst wall of
radicular cyst occasionally show the thick rim enhancement
on CE-MRI, include the presence of chronic inflammation. For
similar reasons, the cystic fluid may show heterogeneous SI
on plain MR imaging. If this finding is observed, MR imaging
may be able to distinguish radicular cyst from AOT. However,
in distinguishing them, the radiographic diagnosis is much
more useful at the moment.
The diagnoses of our 31 cases obtained using our MR
imaging diagnostic protocol are shown in Table 4.
As for ameloblastoma, 4 of 8 cases were detected by the
1st step. The remaining 4 cases were detected by the 2nd
step, and the lesions were classified as the multicystic
(2 cases) or unicystic type (2 cases). Since all cases were
diagnosed as neoplastic disease, the positivity rate was 100%.
Of the 2 cases of AOT, 1 was detected by the 1st step, and the
other was detected by the 2nd step, giving a positivity rate of
100%.
In the 2nd step, CE-MRI was useful in detecting tumors
that show a cystic form. In unicystic ameloblastoma, CE-MRI
was particularly useful for detecting a small nodule on a cyst
wall adjacent to the cystic fluid. Therefore, we recommend
to perform CE-MRI for imaging diagnosis of the cystic neo-
plasms. However, some patients have difficulty performing
CE-MRI, the fluid attenuated inversion recovery (FLAIR) may
be useful in such cases. FLAIR is adopted routinely in the brain
MRI study, is a sequence to suppress water molecules. There-
fore, FLAIR images may clearly depict cystic wall by suppres-
sing the signal from the cyst fluid.
As for KCOT, CE-MR imaging was performed in 9 of 10
cases, and DCE-MR imaging was performed in 8 cases. Since 7
cases were classified as [high SI] in the 3rd step, the positivity
rate was 70%. Among 3 cases that were classified as [low SI] in
the 3rd step, 2 cases were subjected to DCE-MR imaging and
both cases were categorized as [flat] in the 4th step.
Although the findings of these 2 cases excluded SBC from
their differential diagnoses, they could not be distinguished
from DC. However, if no characteristic DC features are
detected on radiographs, a diagnosis of KCOT can be made.
As for DC, DCE-MR imaging was performed in 3 of 7 cases,
and plain MR imaging alone was performed in 4 cases. Six of
the 7 DC cases were classified as [high SI] in the 3rd step. This
result was contrary to our expectations, and the positivity
rate of DC was only 14.3%. The 3 cases that were subjected to
DCE-MR imaging were defined as [flat] in the 4th step.
Although the findings of these 3 cases excluded SBC from
their differential diagnoses, they could not be distinguished
from KCOT. However, a final diagnosis of DC would be possible
in these cases if the characteristic features of DC were
observed on radiographs.
Fat tissue, high density protein solutions, and areas of
hemorrhaging display high SI on T1WI. The high SI observed in
the cystic cavities of KCOTon T1WI reflects the presence of a
large amount of keratin [8,15,17]. As for DC, their cystic fluid
has been reported to show low SI on T1WI, similar to general
cysts [2,15,22]. When DC show high SI, infection is suspected
[15,17]. Since DC occur around the crowns of unerupted
teeth and are often found near to alveolar bone, the bone
margin of the lesion might be absorbed under the influence of
periodontal disease, etc., in the neighboring teeth. Then, the
cystic cavity of the cyst might perforate into the oral cavity,which could be accompanied by infection or bleeding. In such
cases, the cystic cavity might display high SI on T1WI. More-
over, the cyst wall is often thickened by the presence of
inflammatory granulation tissue in the cyst wall. Therefore,
when DC show high SI on T1WI, it is necessary to observe
whether the cyst wall is [thick]. Furthermore, it is necessary
to observe whether there are any signs of infection on radio-
graphs. Although, in our study, 6 of 7 cases displayed high SI
on T1WI, the cyst walls of all 3 cases that were subjected to
CE-MR imaging were thin. Therefore, DC might display high SI
on T1WI for reasons other than infection. We are investigat-
ing the findings of DC by increasing the number of cases.
Diffusion-weighted imaging (DWI) is also worth considering as
a way to examine the nature of the cyst fluid. DWI is a
sequence to observe the diffusion of water molecules in
the tissue. The diffusion of pure water increases, but the
diffusion of solution containing proteins decreases. In addi-
tion, DWI can also evaluate uniformity of diffusion in a tissue.
Sumi et al. have evaluated about DWI of nonenhancing lesions
of ameloblastomas and KCOTs. They have reported that the
apparent diffusion coefficients (ADCs) of ameloblastomas
were significantly higher than those of KCOTs, since KCOT
contains desquamated keratin [10]. For the same reason, the
ADCs of cystic portion in AOT may also show higher than those
of cystic contents in KCOTs. Furthermore, since cystic fluid of
KCOT contains exfoliated keratinous debris when DWI of that
of KCOT and DC are compared, it is predicted that cystic
contents of KCOT show heterogeneous DWI. We will report a
method for improving the positivity rate of DC evaluations in
future.
All four SBC cases were subjected to DCE-MR imaging. As
all 4 cases were defined as [gradual increase] in the 4th step,
the positivity rate was 100%. This feature is very useful for
diagnosing SBC; therefore, we recommend performing DCE-
MRI in suspected SBC cases [18]. This characteristic finding of
DCE-MR imaging show that the contrast medium may infil-
trate into the cyst cavity. Histopathologically, the SBCs have
no epithelial lining and the bony walls are covered by thin and
loose-textured fibrous tissue [30,31]. We histopathologically
investigated tissues in nine patients with SBC, and have
confirmed that they showed the pathological findings similar
to previous reports [33]. Donkor and Punnia-Moorthy bio-
chemically analyzed the fluid aspirated from the cyst cavity
of one SBC case [34]. They reported that the fluid included
electrolytes and showed protein concentrations similar to
those of serum. These findings suggest that the cystic fluid of
the SBCs may have been supplied from the surrounding
medullae. Therefore, in the SBCs, the contrast medium
may gradual spread from the surrounding medullae to the
inner part of the cyst.
The positivity rate of all 31 cases was 71.0%. Since the
positivity rate of DC was low, the positivity rates of the other
lesions were reasonably high. Moreover, the positivity rate of
cases in which DCE-MR imaging (79.2%) was added was much
higher than that of cases in which plain MR imaging alone was
used (20%). Therefore, we recommend performing DCE-MR
imaging for unilocular jawbone lesions.
In conclusion, we reviewed the MR imaging features of DC,
ameloblastoma, AOT, KCOT, and SBC among unilocular lesions
in the jawbone. In addition, we have discussed our novel MR
imaging diagnostic protocol and the results it produced. The
positivity rates of ameloblastoma, AOT, KCOT, and SBC
MR imaging diagnostic protocol for unilocular lesions of the jaw 91obtained with this procedure were very high. The use of our
MR imaging diagnostic protocol for unilocular lesions, which
are especially difficult to differentiate by radiography, would
improve the morphological and qualitative diagnosis of soft
tissue lesions.
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